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This paper analyzes the problem of disassembling multiple selected components from an
assembly, defined as selective disassembly, and presents algorithms for efficient disassem-
bly analysis of geometric models. Applications for selective disassembly include assem-
-CARVE Lab, bling, maintenance and recycling. A new approach called ‘Disassembly Wave Propaga-
tion’ is proposed to determine a selective disassembly sequence with minimal component
removals from an assembly. This approach defines: (i) disassembly waves to topologically
arrange the components denoting the disassembly order and (ii) intersection events be-
tween the waves to determine the selective disassembly sequences. In order to evaluate a
minimal removal sequence in a feasible computation time, algorithms are proposed that
prioritize and process the intersection events based on the order in which they occurred.
The proposed algorithms analyze selective disassembly from the geometric perspective
and are applicable for both two-dimensional and three-dimensional product assemblies.
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1 Introduction tive of minimal component removals is appropriate, since for

. . . 1-disassemblable componerits 1-disassemblable component re-
A product designed for disassembly can be taken apart easnyl[ res a single linear motion to be removed frém the objective

support applcations such a5 asserblng, manienance a7 Sicomes miniizing the dsassermbly motgoperatons uch
eva?ﬁating a disasspé)mbly seq,uel(lS)efrom ageo>rlnetricymodel of Sa measure of difficulty of disassemblirﬁg]._Moreover,_ the
an assemblyA). In general, two categories of problems exist irgroc_iuct de5|gr_1 for manufacture suggests simple motions and
di bl ' ’I g asier separation (_)f componer{t&S_] for_p_roduct assembling/
ISassembly sequence analysis. maintenance/recycling. Therefor@ with minimal component re-
« Complete DisassemblyCD) involves disassembling all movals is defined as an Optimal Sequef0s).
the components iPA to obtain S. For example, to dis- TO illustrate the multiple-componer8D problem, consideA
assemble all the components in Fig. 1S in Fig. 1 with the requirement to disassemblle-{C5,Cs}. Letng
={Cq,C7,C1,C5,Cg Cs,C4,C3,Cs}. denote the number of components $1 For C={Cs}, an OS
Selective Disassembl$D) involves disassembling a subset={C2 Cs} with ns=2. ForC={Cs}, two OS's with ns=3 exist:
of componentgC) from A to obtainS. For example, in Fig. {C7Ce Cs} and {C1,C4,Cs}. Aggregating these two sequences

1, to disassembl€={C,,Cs}, S={C;,C,,C3,Cs}. (one with C={Cg} and another withC={Cs}) for C={C5,Cs}
o ) ) ) ) results inS={C,,C3,C;,C4,Cs} and{C,,C3,C1,C,,Cs} with ng
An application forCD is assembling, since reversii®poten- =5 However, for C={C;Cs} a better solution existsOS

tially can yield an assembly sequer{dd. For example, in Fig. 1, ={cC, C,,C;,Cs} with ng=4. This example illustrates that aggre-
the reverse ofS vyields one potential assembly sequencgating individualOS for C,e C results inS for C, which in gen-
{Cs5,C3,C4,Cp,C5,C5,C1,C7,Co}. eral is not anOS. Therefore a separate approach for multiple
SDis an important research area for applications like maintgomponentSD is required. The current research presents an effi-
nance, assembling and recyclif@]. These applications usually cient method to determine @S for SD analysis. However, prior
require assembly/disassembly of a subset of componentsAromyg presenting the current research, some related work in disassem-
rather than the entire assembly, which provides a motivation fgry analysis and potential approaches &b are presented.
SD. For example, automotive engine maintenance requireSEhe
of the engine and not theD of the entire vehicle. Another use of
SD is in recycling applications that require the removal of some
high-valued components, such @B of an Instrument Panel from

a car assembly. Therefore, evaluating the designSDris an K  ~ G
important area of research in product developni8ht c, < o
. . . C

1.1 Multiple Component Disassembly. This paper ana- G i c
lyzes the following multiple-componei@D problem: GivenA of C 7
n components an@ of s components, automatically determiSe 8
to disassembl€ with minimal component removals. The objec- ]

&
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1.2 Prior Approaches. One potential approach to determin- 2 Assemblies are assumed to be polyhedral, rigid, frictionless,
ing OS for SD is to enumeratgexhaustively all the possible defined by nominal geometry, and have tightly fitted components.
sequences and to select a sequence with minimal removals. How3 Components are 1-disassemblable and 1-deperidergam-
ever, this analysis is computationally expens{egponential to ponent is disassemblable after removing one of its adjacent com-
the number of components /) and is not recommended. ponents. Moreover, locally disassemblable components are as-

Another possible approach is to determ@®8 for C from aCD  sumed to be completely disassembled fram
sequence. Several representations/approdéfesiow evaluation 4 Disassembly sequences are sequential, monotonic, and non-
of CD sequencedi) Assembly Sequence Diagraif], which rep- destructive[2].
resents the ability or inability to assemble a part to a subassembly;

(i) AND/OR Graph[1], which establishes conditions and prece- ~SSumptions 1-4 are standard assumptions followed by differ-
dence relationships between componeriis) Abstract Liaison ent researchers in automated assembly/disassembly analysis. As-

Graph 8], which represents the stability of part interconnectiongMPtion 1 requires fixture elements to be modeled based on the

and the directional constraints of the motions that bring two part§44€nce determined, or to be modeled as constraints to compo-
nents[1]. Assumption 2 regarding polyhedral assemblies requires

r{{g{nsforming free-form surfaces to planar surfaces. However, the

polyhedral assembly assumption is relaxed if the collision detec-

Constraints[10,11, which evaluates the ease of disassemblabilitf°n technique(discussed in Section 4.3 used to compute the
eometric attributes. The 1-disassemblable assumption is utilized

of components for sequencing. However, ®®btained from a b ¢ ted di blv allowi ldi bl
CD, may not give an optimal solution. For examp®can be Pcauseautomated disassembly allowing general disassembly mo-
% n is computationally expensive[14]. Moreover, the

obtained by recursively disassembling components that are disgs-. oA L
y y g P disassemblable assumption is realistic for real world examples

semblable inA until all the components i€ are disassembled. . . . .
To illustrate this, considerA in Fig. 1 with C={CsCc} [15] and also is reasonable, since design for manufacturing rec-
: : >80 ommends simple motions for disassemfy.

Following the CD algorithm, S to disassemble

C is {C9,C7,Cy,C5Cq,C6Cs,Cs,Cst With ns=9, but OS 22 Geometric Attributes. The DWP approach defines a

={C4,C4,C5,C5} with ns=4. Hence, a separate approach®® disassembly wave to topologically arranGee A, denoting the

analysis is required. ) ) ) disassembly order such that a component in one wave is disas-
Another approach foBD is the construction of a Disassemblysembled after removing its adjacent component in the next wave.

Tree[12,13, which is designed to model the “Onion Peeling” This section presents the geometric attributes used in defining the

abstraction: recursively disassembling removable componeg@igassembly waves.

starting from the boundary oA and proceeding inwards. The

Disassembly Tree approach is proposed for 2.5D objects and the Disassembly Directiond.et thek™ mating face ofC; andC;

analysis is based on the contact geometry. However, this aldm® represented EM!‘J. For every mating facél ,kJ the directions

rithm is only applicable for assemblies in which every componeatong whichC; can be locally disassembled relative@pis rep-

is disassembled by removing none or one of its mating adjacefdsented as a set of directiotf§ on a Gaussian Sphef@] and for

Therefore, this approach is too restrictive for our use. 2D it is represented on a Gaussian Circle. For example, Fig. 2

Most of the previous work on assembly and disassembly plagnows the disassembly directiots, andd3 , for the mating faces
ning has focused o&D. However, there has been little investi-y ,1 2 . ’ ’
gation of SD techniques M3, andM; , respectively.

) » Accessibility: Accessibilityof C; with respect to adjacent

1.3 Efficient Selective Disassembly.In the SD problem, componenC; is defined as the set of directions with whiChcan
the requirement is to identif$ to disassembl€. However, apart move relative toC; and is denoted aAC!. For example, Fig. 3
from the objective that th&D analysis should be automatic andillustrates the accessibility of components. Accessibility of com-
analyze 3D geometric models, there are two other important jsenents due to face and thread mating is derived from the nature
sues:(i) Computationally efficient algorithms an@) Optimum of components. An example illustrating the computation of acces-
SD solution. Efficiency and optimality are related and one is usibility as an intersection of disassembly directions due to face
ally achieved at the cost of the other. For example, if efficiency mmating is shown in Fig. 2. In Fig. 3, has a threaded contact
the only issue, then any of tHeD solutions can be extended forwith C,, therefore’\Ci:NULL, i.e., C, must be removed prior to
SD; however, this results in a non-optimum solution, as discussgfsassembling,.
above. On the other hand, if optimality is the only issue, then « Disassemblability Disassemblability A;, is a binary value
exhaustive enumeration will give an optimum solution; howevefhat indicates ifC; e A is removableA; is computed as the inter-
this approach is computationally inefficient, as discussed abowgction of allAC! (whereC; is the mating adjacent o). For
Therefore, the current research attempts to provide abstracn%@émmel in Fig. 3\,=TRUE for C, andA,= FALSE for C,. A

that balance the requirements of computational efficiency and QRsassemblable component is defined as a boundary component
timality, i.e., determining &SD solution with fewer component 5.4 is denoted aSy.

removals that can be computed in a feasible computation time. . Removal Influence_et MA, denote the mating adjacents of
Ci. For Cie A, let the removal influence of;e MA; on C; be

by utilizing the concept of graph partitioningy) Geometrical

2 Disassembly Wave Propagation Approach

Given an assembly afi componentsSD of 1<s<n compo-
nents is defined as multiple-componersD; where s M,,! M. 2
= Cardinality (C). This section presents a new approach called ' L .
Disassembly Wave Propagati¢gBWP) for multiple-component ‘ A o -

SD. The motivation foDWP is that an optimum solution may be
G
dZ,ll 2
Cl

obtained if two or more components are disassembled along a

common sequence. dy, AC)!

2.1 Assumptions of the Current Research.

1 The relative motions of the components are determined with-
out considering the tools, fixtures or robots required to achieve
these motions. Fig. 2 Mating faces and accessibility directions

180 / Vol. 122, JUNE 2000 Transactions of the ASME



Geometric Attributes (e.g.) y
AC? & ACZ 0 {

5 s/ !
AC* i AC? &g \\:::__'7[7__}, -152 ‘,,,,El,,,@,,,,
A =TRUE A,=FALSE T wave B wave
A, =FALSE A,=TRUE Fig. 5 7° wave and B wave for A in Fig. 3

RI2= TRUE RIj = FALSE

Fig. 3 Machine vice assembly: geometric attributes

for C,. For example, Fig. 5 illustrates wave propagation of

Cy(7) for A in Fig. 3. 7° propagates fronv3 to 73 and then

denoted aRll. If A;=FALSE and with the removal o; in A, propagates fromr; to 75; where Cse 73, Cpe 75, Cre s, As

A;=TRUE thenRI!=TRUE; elseRl!=FALSE. For example, in =FALSE, RIZ=TRUE, A,=FALSE andRI3=TRUE. The 7

Fig. 3RI2=TRUE, sinceA, is TRUE with the removal o€, in Wave propagation fror€s to C, implies thatCs is disassemblable

3 . . . _after removingC,. Similarly, ther wave propagation fronc, to
ﬁb\f;rt:feémﬂi’\m“_ FALSE, sinceA, is FALSE with the re C, implies thatC, is disassemblable after removii@ .
3 .

A B wave determines the minimum number of components to
2.3 Disassembly Waves. SDbf a single component in- be removed to disassemblze A. If C;e 8, then the minimum

volves determining only the disjoint sequences®f16]. How- number of components to be removed to disassel@pie a. For

ever, multiple-componerD analysis involves determining both €xample, Fig. 5 shows thg wave propagation foA in Fig. 3.

the disjoint and common sequences @f The DWP approach C;e B;, C,eB,, A;=TRUE, A,=FALSE and RI%: TRUE.

defines two types of disassembly waves to evaluate both the digte minimal number of removals is 2 f@,e 3, and 1 forC,

joint and common sequences: € B1.

« 7waves fromC, which propagate outwards. 2.4 Intersection Event. The intersection ofr and 8 waves
» B waves from the boundary & (the enclosing region oA  (denoted as an Intersection Evelit) determinesS and it is de-

that includes zero componeptsvhich propagate inwards. fined as follows:
Definition 3 (Intersection Event IE is an Intersection of anyn

Let the r wave of C,e C be denoted as* and 75=the set of (1<=m<=9) r waves) (P42 .. M where
components i which area (>=0) units away fromC,. Then C1,Ce, - . . Cyune C) and aB wave atC, e A (implies thatC,,
the propagation of* from 7_, to 74 is defined as follows: e 2™ B).

Definition 1 (7 wave propagation For a=0, 73={C,}. For a An IE is defined to determine both the disjoif@t m=1) and
>0, a7 wave propagation fronC;e 7;_; to Cje MA; exists if common sequenceat m>1) for target components. Let
A=FALSE, Cj¢ (75U} ... U7,y and RI!=TRUE, thenC; R
[S] T); CINC]
Let B,=the set of components in th8 wave which area
(>=0) units away from the boundary & Then the propagation denote a minimal-component removal sequence f@nto C;.
of B wave fromp,_, to B, is defined as follows: Every occurrence of anlE for m(>0) wavegs)
Definition 2 (8 wave propagation For a=0, B,={}. For (%72 ..., 7™ determines
a=1, B,=set of all C,eA. For a>1, B wave propagation
from CieB.1 to CieMA; exists if A;=FALSE, —fc.~F ~L ~F, ~F,
Cié¢(BgUPB: . .. UBay) andRII=TRUE, thenC;e B,. $={CCy. CurCa Gy - Gy e Comd
A disassembly wave is represented byRamoval influence ¢, C'={Cy,Cy
Graph (RG) whose nodes correspond to components in the disgfe |IE b Xl x2
sembly wave and arcs correspond to the removal influence Bg-nic

tween the components. Figure 4 illustrateand 5 wave propa- e geometry space is irrelevant. The wave merely orders the

gation. Ther wave fromC; to C;, represented &S;— C; , implies ts in topological = le. Fia. 6 sh th
that C; is disassemblable after removii@ . The 8 wave from ;%mpf(c))rr]erés:%nczlog:}ogcl;a AS pia:]ce.Fig(.)r g?(am;]) ?E Ig.ccu?s o;vts ©

Cie B,_1 t0 C;e B, is represented &5;— C;, denoting thaC, is 5~ 4 . _ ) ;

| a—1 i a i j i =
disassemblable after disassembliig(the reason for having re- 92(710 1Nz with _ m=2, which  determines 3

; . . 2.~ ={C,,C,,C,4,Cs} with ng=4.

verse logic of the arrow for th@ wave in RG is to maintain
consistency in disassembly ordering

A 7 wave of C,eC (denoted asr*) topologically ordersC;
e A with respect toC, and determines the disassembly ordering

.,Cxm}CC andC, e A. The importance of
etween waves lies in the determination of the component
h the waves intersect. Therefore the shape of the wave in

T waveg

Fig. 4 7wave and B wave propagation Fig. 6 RG for C ={C,,Cs}:Ain Fig. 3
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3 Wave Propagation Algorithms MWP algorithm is O@%n?). For a smaller number of target com-

Based on th®WP approach, two algorithms are proposed foPONentss<n, the MWP algorithm is computationally efficient as
SD. For s<n target componentultiple Wave Propagation c0mpared to the enumeration approach.
(MWP) Algorithm is presentedMWP defines time-basetE’s 3.2 Priority Intersection Event Algorithm.  The PIE algo-
between disassembly waves and determ@8sbased on the or- rithm modifies theMWP algorithm in the definition and determi-
der of event occurrence. However, ferxn target components nation of IE. PIE prioritizes thelE’s and determines only the

Priority Intersection EventPIE) Algorithm is presentedP|E de-  candidate event&enoted asp events for an OS.
fines polynomial number ofE’s that are necessary candidate | et at time stepl, S™=8,UB, . .. UBmrys 1<=m<=s.

events in determining a®@S. Both the algorithms determine lo- g, example, withs=2, atT=0: Bo={} B= %= (B, and at
cally optimum sequences in a feasible computation time. T=1- ,31:(’8'1) IBZZ(blU 5,). The definition of events is as

3.1 Multiple Wave Propagation Algorithm. For SD of s  follows:
components there ager waves and ong wave. LetT denote the Definition 4 (¢ events: Let
time step. AtT=0, 75={CyqJ for CeC(k=15) and thef . y_get of all r waves ofC’'CC intersectingC, e A at T
wave propagation is completed for &l A. For every time step 0.
(from.Tza to T=a+ 1;_a>:0),kt_he T:k prkopagatesk by one ., =cardinality (V). ‘
wave; i.e., at time stef=a—1, 7= (g U .. .U ) and  « w'CW¥. Every e W’ has not been intersected by @t
atT=a, P*=(r5Ur". .. U7). For every time stef, IE’s wave or7} intersectsBr at T>0.
are determined betweenwaves ang3 wave and the correspond-  « = Cardinality (¥").
ing sequences are evaluated.TAt 0, disjoint sequences for every
C,ceC are determined. AT >0, common sequences fa CC  Then,
are determined. The evaluated sequences are then processed basiegbl event: intersection of ar wave with 8 wave, whereT
on the order of event occurrence, i.e., by comparing e@anjth =0.
(e)xSisting sequences fd€ based on minimahg to determine an 5 &, event:intersection of allv (>1) waves of¥’ with a 8"
s . . - wave atC,,, whereT>0.
To illustrate theMWP algorithm, consideA shown in Fig. 1 3 ¢y event:i‘gtersection of allx (>1) waves of¥ with a 8*

with C={Cj3,Cs}. The time-basetE's and the wave propagation
are illustrated in Fig. 7. The last column of the table showsShe wave atC, (thzreT>0) sut_:h that the total number, of
waves from C'—C,—C,) is less than that of ¢

for C at T. At T=3, there are no more components fowave co
propagation, and therefore tt& evaluated is arOS. For this —Cp’s).
example, the total number ¢E’s is only 4, which can be com- A ¢, event for* determines disjoint
puted in polynomial time.

However, the number ofE’s for A can be exponential, i.e.,
O(2%.n). This is due to the fact that all possible combinations of

Twaves intersectin@; e A must be checked for the occurrence o . . - .
IE. For example, consideA in Fig. 8 with C={Cs,Cs,Cs}. ;or C,ce C. Tolillustrate, consideA in Fig. 8 atT=0: ¢, events

The RG afT=1 is also shown in Fig. 8. AT=1: 75 ®ands’ 9 for 7%, 7% and 7" (73N B2) at Cs, (75N ;) at Ce and
waves from Cs, Cg, and C, respectively, intersect; at (701B2) at C;, respectively. ThereforeDS={C,,Cs} for Cs,
Cq, e, (BNENBY, (BN7INBY, ($N7iNnB) and 0S={C,,Cgq} for Cg and OS:{Ci4_,C7} for C,, each withng
(3N 75N 7N B4). Thus the number of checks necessary to dete 2- Moreover, theg, event for~ is better than otheiE’s that

mine all thelE’s at C, is O(2°). Moreover, sincel =0(n), the determine disjoinDS for Cyye C.

08={C,~ECyl

X1 x2 v ’ _
maximum number ofE’s is O(2°.n). For everylE, Sis computed miﬁefz event fory (>1) 7 waves: 7, 7% ... ,7"e ¥’ deter
in O(n) time. Therefore, the computational complexity of the

S={Cbr\P"’Cw’cwr\Zcxlicwf\};cx2’ e "Cw/_\P;va}

for C'={C,;,Cys, . . . ,Cy,} CC. Thengfor Sfrom a ¢, event is
T| o T IE S for C less than that for the disjoi®S for C,4,C,o, ... ,Cyn. FOr ex-

ample, from theRG shown in Fig. 9,S={C,,C,,C3,Cs} with
0|6Cs Cs (@0 N B2), (Fo N Bs) | {Cz Cs, Cr, Cs, Cs} ns=4 available from a¢, event for C={C;,Cs} (C,,=C,) is

1] CyCi |CoCe | NTNBy)  [{C1 €y Csy Cs} better tharS={C,,C;,C7,Cs,Cs} With ns=5 available from the
2 |Cy Cy, C7 | (P2 N TN PBy) {C1, C4, G5, G5}
3 |- R - OS = {C4, C4, C3, Cs}

Fig. 7 llustration of the MWP algorithm for A in Fig. 1 with C
={C3 !CS}

Fig. 8 Wheel support assembly  (exploded view ) and RG at T Fig. 9 RG at T=1 for C={C;3,Cs}, A in Fig. 1. ¢, event
=1 for C={C5,Cq,C;} 2N°Np?atC,

182 / Vol. 122, JUNE 2000 Transactions of the ASME



Fig. 10 Toy assembly (exploded view ) and RG at T=2 for C
={C3 !C4}

T C Cy ¢ events

0|GCs Cs | ¢1: (To N B2)
Ce Cs | ¢1: (% N B2)
Cr C7 | ¢: (Fo N Bo)

1 |Cs5,C6,Cr | Ca | @NTNTNEY
Cs, Co Cs [ o (NN RY
GCs,Co,Cr | G | gp: (@ NNT NP
Co. G C o NI NP2

Fig. 11 [lllustration of the PIE algorithm for A in Fig. 8 with C
={C5,C¢,C;}: T=0,1.

¢, events for{C5,Cs}. Moreover, the, event that occurs for

C’'CcC atC,, is better than othelE s atC,, that occur forC"CC’
at the same time step.
A ¢4 event determines the sequence

(L, c by, c by, .00l

for C'={C,;,Cy,, ... .Cy,}CC and is a candidate for aBS. To
illustrate this, consider theRG shown in Fig. 10 withC
={C3,C,}. At T=2, ¢3 event occurs a€,: the intersection of
73, * and B2 Clearly, S={C,,C,,C3,C4} with ng=4 available
from this ¢ event is better tha®={C,,C,,C3,Cg,Cs,C,} with
ng=6 available from¢, events.

13 RG
={C,,C;5,C4,C1,,C13,C16,Cs0,Cs0}.

Fig. at T=2 for A

moved to disassemble dll;e S, and then modifyindS appropri-
ately [16]. For example, in Fig. 1Zwith fastenery J;,J,,J3,
JseA should be removed to disassembl€;,Cy,4,Cys5,
C,3e OS, respectively. Therefore, the resultads={J,,C,,C,,
C3,C4,32,C14,C13,C12,33,C15,C16,34,C23,C22,C21,Coof for
C={C;,C;5,C4,C15,C13,C16,C2,Co0-

Both MWP andPIE algorithms order events based dnhow-
ever, the events identified at eadhand the number of such
events differ. TheMWP algorithm starts alf =0 with disjoint
sequences fo€ and atT>0 tries to identifyS that is better than
previously computeds. Therefore, theMWP algorithm can be
processed until some user-defined limiting time-st€p deter-
mining a locally optimumS at T=T'. However, thePIE algo-
rithm defines¢ events with respect t€,, and T, thereby deter-
mining an OS only after all the ¢ events are processed. To
illustrate, considerA in Fig. 10 with C={C3,C,}: At T=1,
S={C,,C,,C3,C,} with ng=4 by the MWP algorithm and
S:{CB,Cs,C4,Cl,C2,Cg} W|th nS:6 by the PIE algorithm.

Based on the above argumedtevents are necessary candidatgiowever, thePIE algorithm determiness={C,,C,,C5,C,} at

events for arOS and include locally best eventevents that are
found to be optimal at tim& for everyC,,). For example, theb
events forA in Fig. 8 with C={Cs,Cg,C-} are shown in Fig. 11.
The total number ofp events forA is O(sn); i.e., polynomial.
Therefore, thePIE algorithm is O6.r7).

4 Results and Discussions
This section presents some of the results ofN€P approach,

and discusses the contributions of the current research and future

work.

For a Gear Reducer AssembliFig. 12, Fig. 13 shows the
RG at T=2 for C={C,,C3,C4,C15,C15.C15.C20.Coa}. The
PIE algorithm determines a®S={C,,C,,C3,C4,C14,C13,Cy>,

C151C161C231C22’C21’C20} W|th n3= 13, |dent|f|ed by
(PN2N2npd, (N3N B3, (Téeﬂ B5) and
(NN B?).

The DWP approach incorporates fasteners3B analysis as
follows: DeterminingS for C by ignoring the existence of fasten-
ers{J,} and subsequently determinifd,} that need to be re-

Journal of Mechanical Design

T=2. A comparison oMWP andPIE algorithms, based on the
number oflE’s, is shown in Fig. 14.

A n C s | #ofevents
MWP | PIE

Figure 1 |9 |{Cs, Cs} 2| 4 4

Figure3 |7 | {Cs, Cs} 2| 4 4

Figure 8 | 7|{Cs, Cs, C7} 3] 13 7

Figure 10 | 6 | {Cs, Cs} 2 8 6
Figure 12 |2 [{Cs, Cs, C4, Ci2,| 8| 293 49

3| Cis, Cis, Cao, Ca2}

Fig. 14 MWP and PIE algorithms: performance comparison
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from a geometric model of an assembly. A minimal removal se-
quence to disassemble the target components is evaluated by de-
termining and analyzing both the disjoint and common sequences
between the target components. Two new algorithms are pre-
sented that determine candidate sequences for optimal sequencing
in a feasible computation time.

Fig. 15 Test assembly and RG for C ={C,}
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4.1 Contributions. The main contribution of this paper is a
new approach,Disassembly Wave Propagatiorfor efficient
multiple-component selective disassembly, and the two alg
rithms:

» Multiple Wave PropagatiofMWP) algorithm for SD of s
<n components with computational complexity r3g%).

« Priority Intersection EventPIE) algorithm for SD of s<n
components with computational complexity <Df).
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